ABSTRACT : A 3×4 (chromium and L-carnitine) experiment was designed to investigate the single and interactive effects of adding yeast Cr and L-carnitine to corn-soybean meal diets on lipid metabolism of broiler chickens. Four hundred and eighty one-day-old avian chickens were randomly allocated to 12 treatments of 40 each for 7 weeks. Levels of adding Cr were 0, 400, 600 µg/kg and those of Lcarnitine was 0, 30, 50, 100 mg/kg, respectively. The result showed that adding 600 µg/kg Cr or 100 mg/kg L-carnitine alone had better regulative effects on fat and cholesterol metabolism than lower adding levels. Effects were more significant at the end of the experiment. There were significantly interactive effects between Cr and L-carnitine on triaclyglycerol, whole cholesterol, HDL, dissociating FFA, and blood glucose, cholesterol and triaclyglycerol of liver, and cholesterol of chest muscle at the end of experiment (p=0.0001-0.0315). But Cr or L-carnitine had no significant effect on growth performance of broiler chickens (p>0.05). (Asian-Aust.
INTRODUCTION
Cr and L-carnitine are considered as human and animal's natural nutrients. Cr is generally believed to be an essential mineral component of GTF (glucose tolerance factor), which enhances the function of insulin to speed up the metabolism of glucose (Bunting, 1994; Amoikon, 1995) . Cr also help to transform the rest glucose into tricylglycerol (Mertz, 1993) , and meanwhile promote fat to be quickly hydrolysised and provide energy and carbon resource for amino acid and protein synthesis (Page, 1993) . However Lcarnitine is the only essential vector to incorporate FFA into mitochrondia for β-oxidization of FFA. Lien (2001) showed that diet L-carnitine could obviously improve the activity of carnitine acyltranferase, a key enzyme of combination of carnitine and FFA, so it is possible for Cr and L-carnitine to contribute to the metabolism of fat, protein and carbohydrate. There have been some researches about effect of Cr or L-carnitine on animal growth performance and lipid metabolism in recent years. Adding Cr can improve the performance of broiler chickens (Kim SW, 1995) and layers (Kim JD, 1997) . In particular, Cr can decrease liver fat and abdominal fat percentage of the 8 weeks broiler chickens (Hossain, 1998; Wang, 1999) , and is beneficial to the broilers (Lee, 2003) and laying hens (Lien, 2003) . Rabie (1998) showed that adding L-carnitine from 18 d to 53 d obviously decreased broiler chicken's weight and percentage of abdominal fat. As far as interaction of Cr and L-carnitine is concerned, Smith (1997) showed that adding Cr and L-carnitine simultaneously in the diet of swine could obviously ameliorate the growth performance and muscle quality than adding lonely. But there are no systemic experiments about the effect of Cr and L-carnitine on broiler chickens simultaneously. Thus, the experiment was conducted to study the effect of both addition on growth performance and lipid metabolism, and to discuss the interactive effect of both.
MATERIALS AND METHODS

Experimental animals and animal management
Four hundred and eighty one-day-old avian chickens were randomly allocated to 12 treatments, 40 for each treatment (20 males, 20 females with 3 replicates). The chickens were fed the basal corn-soybean meal diet (see Table 1 ), and the experiment lasted for 7 weeks.
Experimental design and additives
The experiment applied the design of two factors (chromium×L-carnitine), 3×4 levels with repeats. Yeast Chromium (the actually content of Cr 1 g/kg, Beijing Alltech biology technique company) was supplied at the level of 0, 400, 600 µg/kg. L-carnitine (Carniking of Hongkong Company), which is composed of L-carnitine (50%), silicon dioxide (34%) and water (16%), and no Dand meso-carnitine, was provided by China Agriculture Academy, added level 0, 30, 50, 100 mg/kg.
Effect of Yeast Chromium and L-carnitine on Lipid Metabolism of Broiler
Chickens*
Sample of collection, preparation and analysis
At the end of the third and 7th wk, blood samples were taken from the heart of 6 chickens in every group, serum is collected by centrifuge and kept in a -30°C freezer. At the end of the 7th wk, liver and abdominal fat were taken, weighted, numbered and kept in a -30°C freezer. Samples of 100 g chest muscle and leg muscle were taken separately, numbered and kept in a -30°C freezer.
The content of FFA was measured by spectrophotometer, with reagent case supplied by Nanjing Jiancheng Biotechnics Institution. The biochemical indexes of serum and tissue were measured by semiautomatic biochemistry analyst, and the reagent was supplied by Beijing Zhongsheng Biotechnics Company, In the determination of triaclyglycerol (TG), total cholesterol (TC), HDL-C, and Glu are GPO-PAP, HOD-PAP, PAT-Mg 2+ sedimentation, and GOD-PAP, respectively. The triaclyglycerol and total cholesterol of liver and tissue were extracted in methanolchloroform.
Data analysis and management
All date were analysed by F value using two factors, 3×4 levels program of SAS statistical software, then the date showing significant differences were repeatedly compared by Duncan`s method, with the standard of 0.01 and 0.05. 
RESULTS
The effect of Cr and L-carnitine on growth performance
The effect of Cr and L-carnitine on the average daily gain and feed conversion is not statistically significant. But, it appears that growth performance was better with adding Cr (400 µg/kg ) and L-carnitine (100 mg/kg ) at the same time ( Table 2 ).
The effect of L-carnitine and Cr on the abdominal fat
Adding Cr or L-carnitine alone decreases significantly the abdominal fat weight and Abdominal fat percentage at the end experiment. Compared with the control group, adding Cr (400; 600 µg/kg) alone decreases by 22.92% and 22.54% of abdomianl fat percentage (p<0.05). Adding Lcarnitine (30; 50; 100 mg/kg) alone decreases by 33.33%, 28.16%, and 31.61% of abdominal fat percentage (p<0.05), and it appears that adding L-carnitine to decrease abdominal fat percentage is more obvious than adding Cr, but the statistical analysis did not show significant difference (p<0.05). The interactive effect of adding Cr and Lcarnitine simultaneously on the abdominal fat percentage is statistical significant between Cr (n=24) or L-carnitine (n=18) and Cr (n=6) or L-carnitine (n=6) to some degree (Table 3 ).
The effect of Cr and L-carnitineon the blood lipid and sugar
Cr (n=24) or L-carnitine (n=18) : The effect of Cr on the serum TC and FFA is only significant at the end of the 3rd week (p=0.0451, p=0.0006); Its' effect on the serum TG, TC, HDL-C and FFA is significant at the end of the 7th weeks (0.0001≤p≤0.0133); the effect of L-carnitine on the serum FFA is significant only at the end of the 3rd week (p=0.0001); but Its' effect on the serum TG, Glu, HDL-C and FFA is significant at the end of the 7th week (0.0001≤p≤0.0483).
Adding Cr (n=6) or L-carnitine (n=6) : Adding Cr alone leads to effects on the serum TC only at the end of the 3rd week (p<0.05), compared with the control group at the end of the 7th week, The level of Cr (400; 600 µg/kg) leads to the content of serum TG declining by 24% and 31 % (p<0.01). In the same time, serum TC declined by 23% and 11% (p<0.05), respectively, serum HDL-C declining by 25% (p<0.05) and 38% (p<0.01), the serum FFA increasing by 34% (p<0.01) and 24% (p<0.05). Compared with the control group, the content of serum glucose declined significantly by 24% (p<0.01) at the level of Cr 600 µg/kg.
The effects of adding L-carnitine alone on the serum TC is significant only at the end of the 3rd week (p<0.05). In comparison with the control group at the end of the 7th week, the level of L-carnitine (0; 30; 50; 100 mg/kg) significantly declines the content of serum TG by 23%, 45% and 24% (p<0.01) and increases the content of serum FFA by 43%, 43% and 57% (p<0.01). The content of serum TC declines by 27% (p<0.01) significantly at the level Lcarnitine (100 mg/kg), the content of serum HDL-C declines by 26% (p<0.05) and 27% (p<0.01) significantly at the level L-carnitine (50,100 mg/kg), and the content of serum glucose declines by 29% (p<0.05) and 29% (p<0.01) significantly at the level L-carnitine (30, 50 mg/kg), compared with the control group. Interaction between Cr and L-carnitine : The effects of adding Cr and L-carnitine simultaneously on all indexes are presented in Table 4 and 5. Performance significantly differed at the end of the 7th week, but not after 3 weeks.
The interactive effect of L-carnitine and Cr on triaclyglycerol and cholesterol of the tissues
Cr (n=24) or L-carnitine(n=18) : The effect of Cr and L-carnitine on broiler chickens' muscle TC is not significant, but is significant on the liver TC and TG, and it declines by increasing the level of Cr and L-carnitine (p=0.0001, p=0.0162).
Adding Cr (n=6) or L-carnitine (n=6) alone : Adding L-carnitine declined all indexes of liver, chest muscle and leg muscle. Compared with the control group, the level of L-carntine (30; 50; 100 mg/kg) declines the content of liver TG by 41%, 22%, 41% (p<0.01); the content of TC of chest muscle declines by 23% (p<0.05), 39% (p<0.01), 30% (p<0.05). Three levels of L-carnitine have no significant effect on the content of TC of leg muscle; the effect on the liver TC is significant at the level of 100 mg/kg, declining by 40% (p<0.01) compared with the control group.
Compared with the control group, adding Cr along declines the content of TC of chest muscle and leg muscle. Compared with the control group, the level of Cr (400; 600 µg/kg) declines the content of liver TG by 7% (p<0.05), 39% (p<0.01); the content of liver TG declines by 19% (p<0.05), 39% (p<0.01); the content TC of chest muscle declines by 35%, 37% (p<0.01); the content of TC of leg muscle declines by 20%, 27%(p<0.05), respectively.
The interaction of Cr and L-carnitine : Cr and Lcarnitine presented significantly interactive effect (0.0007≤p≤0.004) on the liver TG and TC and leg muscle TC (Table 6 ).
DISCUSSION
Effect of Cr and L-carnitine on the growth performance of broiler chickens
Many experimental results showed the effect of adding Cr and L-carnitine on the growth performance of animal, but related to the experimental condition, growth stage, added level, age and composition of basal diet level. Adding Cr in conditions of the high temperature stress obviously increased food intake, growth rate and food conversion (Nam, 1996) , but it had no significant effect on growth performance in normal feeding condition (Ward, 1994) . Our result did not show obvious effects of Cr and L-carnitine on growth performance.
Effect of Cr and L-carnitine on the fat and cholesterol metabolism of broiler chickens
Fat deposition of avian species is determined by the content of tricylglycerol in the blood (Yin 2000) , and the content of blood tricylglycerol is determined by its synthesis in the liver. So, tricylglycerol levels in liver, fat and blood are related to each other. This experiment using 600 µg/kg yeast Cr obviously decreased the content of the serum and liver tricylglycerol and abdominal fat percentage at 7 weeks of age, but it was not significant at 3 weeks of age. This result indicated that the period of Cr supplementation was the major factor to influence the effect of Cr supplement. Guo (1999) reported Cr supplementation to 3-6 weeks broiler chickens only lead to decreasing trend in abdominal fat and serum tricylglycerol, and this result may be related to the short period of the Cr supplementation, besides the characteristic of broiler chickens, the content of Cr or the composition of the diet. In addition, the contents of lipid in liver and the weight of abdominal fat are greatly affected by fat metabolism. This experiment indicated Cr can increase the content of the serum FFA, which confirm Guyton's opinion (1991) that Cr can induce the fat catabolism. The mechanism may be that Cr, as a factor of GTP, enhances insulin effect promoting the transformation of energy, supplying more ATP to tissue, inhibiting the activity of cAMP diesterase and decreasing the decomposition of cAMP (Bian, 1997) . According to the glucose-fat cycle suggested by Qi (1988) , when the level of blood glucose decreases, the fat tissue will produce FFA, so the content of the blood FFA will increase. It can also partly explain that Cr regulates the metabolism of fat through the metabolism of glucose. L-carnitine is the only vector that can transmit FFA into mitochondria for their oxidization, so it plays a key role in the metabolism of fat. L-carnitine in the chickens' diet obviously decreased the triclyglyerol content of serum and liver and abdominal fat percentage, which is related to Lcarnitine promoting FFA β-oxidization. Zhou (1996) thought that β-oxidization being inhibited due to the decrease of the concentration of L-carnitine in vivo, could result in the rise of the level of serum FFA. In the present experiment, the levels of the serum FFA obviously rose with the content of supplement L-carnitine increasing at the end of the 7th week. Qi (1988) indicated that, at normal physical condition, the rise of the content of serum FFA is result from the increase of decomposition activity of fat tissue, not result from the decrease of usage of energy by other tissues. The increase of the assimilation of FFA by other tissues automatically speeds up the oxidization of FFA, and the rise of the oxidization of FFA promotes again the decomposition activity of fat tissue. Wang (2000) reported that betaine obviously increased the content of L-carnitine of liver and chest muscle of 7-weeks duck and the serum FFA. It indirectly indicated that L-carnitine could raise the level of the FFA at the later period of avian. Therefore, it is concluded that the reason L-carnitine leads to the decreasing of the abdominal fat is the rise of the oxidization of FFA, resulting in the low synthesis of triaclyglycerol in liver and the increases of the fat catabolism.
Liver is the key organ of synthesizing cholesterol, and the content of the cholesterol synthesized in liver is accountable for about three quarters of whole cholesterol synthesized in animal body. The cholesterol in blood mainly comes from the liver, and very little from feed, for the content of cholesterol in plant food is little. In the experiment adding L-carnitine (100 mg/kg) obviously decreased the content of cholesterol and HDL in serum and liver at the end of experiment. Adding Cr (400 µg/kg; 600 µ g/kg) lonely obviously decreased the content of cholesterol in the serum, liver, leg muscle and chest muscle. In addition, Cr decreased the content of HDL cholesterol at the end of the 3rd and 7th week and especially obvious at the end of the 7th week. It is inferred that the synthesis of cholesterol in liver is inhibited, so decreasing the quantity of blood cholesterol released by LDL. In the same way, HDL transmitting cholesterol from blood to liver is at a relatively low level. But Liu (1991) showed that Cr could improve the activity of the Lipid Protein Lipase and Lecithin Cholesterol Acyltranferase, promoting the synthesis of HDL in the experiment of mice with high serum lipid syndrome. Hassain (1995) proved that 400 ppb Cr supplementation in diet of chicks from 1 day old could raise the concentration of serum HDL-C before slaughter. The reason causing this difference remains to be probed in future experiment.
CONCLUSION
The effect of adding Cr (600 µg/kg) or L-carnitine (100 mg/kg) on the metabolism of lipid is better in the later period of the broilers in normal feeding condition.
Cr and L-carnitine do have significant interactive effect on triaclyglycerol, whole cholesterol, HDL, FFA, glucose of serum, cholesterol and triaclyglycerol of liver, and cholesterol of chest muscle.
